Detection of liquid mixture of different volume ratio is very important in industrial purposes. The paper reports a sensing mechanism of binary liquid mixture for different volume fraction, based on the measurement of refractive index of the mixture. Here, a highly sensitive liquid filled core Photonic Crystal Fiber structure has been proposed to detect liquid mixture solution. Numerical investigation of the proposed structure is carried out by employing full vectorial Finite Element Method (FEM).
Introduction
Fiber optic technology was developed primarily for telecommunication and medical science. However, the recent advances of fiber optic technology with its widespread of applications lead extensive interests to the researchers. The emergence of Photonic Crystal Fiber (PCF) was a breakthrough in the fiber optic technology. Since the invention of PCF using 2D photonic crystal, in 1992 [1] , the fiber optic researchers have been engaged on Research and Development (R & D) with this type of fiber.
PCF is an optic based technology which offers wondering features over conventional optical fibers. It has remarkable characteristics such as small size, free from electrical interference, geometric versatility, improved sensitivity and inherent compatibility with respect to fiber optic telecommunications making it outstanding for opto-devices [2] [3] . PCFs can be used for variety of sensing applications such as, physical sensor, gas sensor, chemical sensor, liquid sensor, electrical and magnetic field sensor, humidity, temperature, pressure sensor, biomedical properties sensor and so on [3] .
Since the last decade, optical techniques have been developing widely in the field of analytical chemistry for chemical and biochemical analysis [4] . The field of Optofluidics is emerging because of the development in optics and microfluidics in lab-on-a-chip microsystems [5] [6] [7] [8] . PCFs have recently been integrated in lab-on-a-chip systems for sensing applications.
Recently, several studies [9] [10] [11] [12] [13] have suggested microstructure optical fiber for liquid sensing applications since detection of liquid chemical efficiently is one of the most challenging tasks for industrial production management. Most of the industries use various types of liquid and they need to be sensed smartly for safety issues.
Previously, several researches already have been done in the prospect of sensing different liquids in terms of vapor sensing. J. Park et al. [14] proposed a hollow core Photonic Crystal Fiber for chemical sensing application using the absorption method. In recent years, liquid filled core PCFs has received a great attention due to the highly interaction of light and the sample to be sensed. A large number of articles have described infiltrated PCFs with different components as a promising field. The articles [9] 
Methodology
The Gladstone-Dale [28] . We can use any above mentioned relationship in the theoretical formula of our proposed simple block diagram of smart detection procedure of binary mixture through the refractive index values, which has been presented in Figure 1 . The equations have been expressed in following:
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Gladstone-Dale: We have calculated the refractive index of the binary mixture varying volumes of 1 to 0 ml, 0.8 to 2 ml, 0.6 to 0.4 ml, 0.4 to 0.6 ml, 0.2 to 0.8 ml and 0 to 1 ml.
Moreover, calculated data using Arago-Biot equation for different volume fractions of the two binary mixtures have been given in Table 2 and Table 3 .
To focus on efficient sensing we have proposed a highly sensitive Photonic
Crystal Fiber (PCF) structure with low confinement loss.
Proposed PCF Structure
Several issues are faced like maintaining fiber's integrity and practical feasibility to design such a photonic waveguide in which the core region is made of liquids.
However, the research articles [29] shows that liquid insertion at the central hole is permitted and it allows the incident light to propagate directly through the liquid due to the effective index guidance. Moreover, this type of PCF structure can be interfaced with existing technologies without any difficulty [30] [31] [32] . Table 3 . Calculated value of refractive indices of the benzene-toluene mixture for different volume fractions. The cross section of the proposed PCF structure is shown in Figure 2 In order to fulfill the ever increasing demands for PCF based chemical sensors, a novel PCF structure is need to be developed to overcome the critical trade-off between relative sensitivity and confinement loss in prior PCFs. However, by calibrating the design parameters of our proposed PCF, we can achieve a higher relative sensitivity and lower confinement loss simultaneously.
Simulation and Principle of Operation
To simulate the guiding properties of our proposed PCF structure, a full vectori- ( )
where, H is the magnetic field, r ε is the relative dielectric permittivity and r µ is the permeability. The symbol K 0 (=2π/λ) represents the wave-number in the vacuum at the operating wavelength λ.
As the electromagnetic radiation passes through the PCF, a small portion of energy is leaking from the core to the exterior matrix material. This leakage is known as confinement loss. However, this leakage can be eliminated by taking infinite number of air holes in the cladding. But, in practical structure, the number of air holes is finite. Therefore, the modes of PCFs are inherently leaky. It is measured from the imaginary part of the complex effective index using the following equation [44] .
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where, Im (n eff ) is the imaginary part of effective index [45] . The legibility of the method depends on the accuracy of the value of the imaginary part. The accuracy of Im (n eff ) can be increased by using larger computational window and a finer mesh [46] .
The evanescent field interaction between light and the material to be sensed can be measured by the relative sensitivity coefficient. According to the Beer-Lambert law, the relative sensitivity coefficient can be defined as [47] : r e n r f n = (9) where, n r represents the refractive index of the material to be sensed, and n e is the modal effective index. Here, f is the fractional power located in the air holes which can be defined as [42] :
The transverse electric and magnetic fields of the guided mode are respectively introduced by E x , E y , and H x , H y . Using FEM, the effective index mode n eff is calculated by solving Maxwell's equation. FEM based simulation tool COMSOL Multiphysics is used to find the guided modes. During simulation, the cross section is divided into 15,778 triangular elements with 110,803 degrees of freedom for the employed elements.
Numerical Results and Discussion
The proposed PCF structure has a liquid filled hollow core which operates in the near-infrared region (NIR). We have presented our simulated result between the In this study, we have analyzed the sensing performance of our proposed PCF for two different binary liquid mixtures (Ethanol-Water, and Benzene-Toluene). The designed structure of PCF supports the fundamental mode and some higher-order modes. In this study, we have considered the fundamental modes. Figure 3 shows the 2D and 3D views of fundamental optical field distribution of our proposed PCF structure when core was filled with Ethanol-Water mixture at an operating wavelength of 1.3 µm.
It is clearly seen from the Figure 3 that the mode field is tightly confined in the core region. Hence, there is highly interaction between light and the material inserted in the hollow core. . In a standard fiber draw, ±1% changing in fiber global parameter may occur during the fabrication process [48] . However, in [49] it has been described that sol-gel technique shows a variation in air hole size less than 3% over 2 km spans for the fabrication of PCF. Therefore, to consider this structural variation, the global parameter has been varied up to ±5% from their optimum values. Table 4 presents the variation of relative sensitivity and confinement loss of our designed structure due to the changes in global parameters. Our proposed structure is designed to get a good tolerance of fabrication error. Figure 6 . Wavelength versus sensitivity curves of our proposed PCF structure; infiltrated the hollow core with different volume fraction of (a) ethanol-water mixture, and (b) benzene-toluene mixture. In case of the fabrication issue of our proposed structure, it is important to discuss the robustness of the structure. The studies [50] show that low air-filling ratio of air holes makes a fiber robust. In our optimized structure, air filling ratio of the cladding holes is set to 0.79 which is tolerable for fabrication.
To show the significance of our proposed structure with more evidence we need to compare the sensing performance with the prior works. The article [11] presents a simulation based study for Formalin (mixture of Formaldehyde and Water) detection through PCF. In the usual sense, Formalin is not treated as a binary solution, since it may contain 10% -12% Methanol with various metallic impurities. However, we have calculated the sensing performance for the binary higher sensitive than the structure proposed in [11] .
Conclusions
In conclusion, this paper reports a framework for binary liquid mixture sensing application using the theoretical mixing rules. In addition, for more accuracy, wavelength dependent refractive indices of the mixture have been studied. The behavior of the proposed PCF structure has also been investigated for different volume fraction of the analyte to be detected. However, the drawback of this research is that all data is calculated at a fixed temperature 293.15 k.
The mechanism can also easily be extended to other liquid mixtures (e.g. Formalin). Therefore, it is expected that the proposed framework will add a new window of research in the field of chemical engineering. Moreover, our proposed PCF structure exhibits high relative sensitivity and low confinement loss simultaneously. Therefore, the designed structure can effectively overcome the critical trade-off between confinement loss and sensitivity.
